Avoiding dissipation of spin currents in the context of spin-based electronics, has become an important challenge today. Indeed, in devices using spin-polarized currents 1 , the spin of carriers is displaced together with their charge. This results in Joule dissipation. Pure spin currents (PSC), without net charge current have been recently proposed in non-magnetic materials with spin-orbit interaction 2 . However, they suffer from an intrinsic damping, the so-called spin Coulomb drag (SCD) 34 , which results from the friction between carriers with anti-parallel spins. The SCD is very efficient in semiconductors where PSCs involve longitudinal (with respect to the spin-quantization axis) spin degrees of freedom. An alternative would be to make use of transverse spin degrees of freedom, naturally good candidate for pure spin information transport. For example, spin waves in ferromagnets, may be the means to transmit and modify a logical information 5 . They are also the elemental components of transverse PSCs. In this frame, understanding the intrinsic limitations of spin waves propagation is crucial. Recently, the attention to this topic has been drawn in Ref. 6 , where it was found that a spin wave of momentum q in a spin-polarized conducting system had an intrinsic damping proportional to q 2 .
We have performed angle resolved electronic resonant Raman scattering (ERRS) experiments on a two-dimensional conducting spin-polarized system to evidence, for the first time, the q 2 intrinsic damping of propagating spin waves modes. We also completed the theory of Ref. 6 by exact dynamics considerations. The damping rate we found experimentally varies as q 2 as predicted in Ref. 6 , but additional corrections were necessary to match quantitatively the data without fitting parameters.
We studied high mobility two dimensional electron gases (2DEG) embedded in 
where N 0 is the cation sites density, α e is the exchange coupling between the conduction electron of the well and the localized electrons on Mn impurities (N 0 α e =-0.22 eV) 10 .
hS z (B, T )i is the thermal average spin of a single Mn atom given by the modified Brillouin function,x is the effective Mn concentration (for low x,x ' x), g e is the normal electron g-factor and μ B is the Bohr magneton (μ B > 0). In order to keep alloy disorder low and high electron mobility (μ~10 5 cm 2 Vs), x remained below 1% and the electron sheet density n 2D ranged in between 1.5 and 4 × 10 11 cm −2 . Depending on the Mn nominal concentration xN 0 and n 2D , the maximum spin polarization degree ζ = (n ↑ − n ↓ ) /n 2D can reach 80% for a magnetic field B below 4T, such that, when B is applied parallel to the quantum well plane, the Landau orbital quantization is kept negligible. Therefore, such SP2DEG are "artificial"
conducting paramagnet having the spin-polarization degree of a conducting ferromagnet.
Morover, semiconductor quantum wells exhibit well defined optical resonances which allow ERRS measurements to be performed 11 . ERRS is a powerful tool to access wavevector resolution of the spin excitations spectrum 8 . Over the last decades, general knowledge on electron gases low-energy excitations has been considerably improved by ERRS study of high mobility unpolarized 2DEG 12 . We claim that, the SP2DEG system investigated here is able to provide general knowledge on spin waves in spin-polarized conducting systems, in particular to the subject here : the q 2 damping.
We start with the theoretical description of the intrinsic damping and consider the Hamiltonian of the above spin polarized 2DEG :
2m * is the kinetic energy of the single electron state |kσi with in plane wavevector k and spin σ = ± Fourier components writes exactly:
In Eq. (3) is the discussed effect and is the commutator 
is the spin conductivity linking hĵ +,q i ω to the gradient of the magnetic field 6 , which is enhanced by the local exchange-correlation field −Um +qω . U is the transverse local field factor. In the local spin-density approximation, U= −
, where E xc is the exchange-correlation part of the ground state energy 9 . This local field factor is also responsible for the Zeeman energy enhancement 13 : Z * =~ω * 0 = Z − UM 0 . Hence, it is clear from Eqs(3) and (4) that any loss in the spin-current (imaginary contribution inσ ⊥ ) introduces a damping of the magnetization precession, proportional to q 2 . The resulting Gilbert damping α is given by :
where
Compared to Ref. 6 , the second, third and fourth terms in Eq.(6) are the new contributions introduced here. Obviously the last two are due to the Coulomb local field, while the second term is due to dynamical properties of the spin conductivity. Further considerations oñ σ ⊥ show that disorder and Coulomb scattering give additive imaginary contributions in the spin current -spin current reponse 6 hhĵ +,q ;ĵ −,−q ii ω . Therefore, the scattering time τ introduced in Eq. (7) is given by
Evidence of this universal q 2 behavior has been performed in the high mobility SP2DEG described above. Since, the well defined spin waves modes has been successfully observed in these quantum wells 8 , this material is a perfect candidate to investigate the damping.
The sketch on When the polarizations of the incoming and scattered photons are crossed, the Raman spectrum is determined by the transverse spin-susceptibility spectrum Im χ + (q, ω). This is always true when out of resonance. In resonance, however, it remains valid if q is small compared to wavevectors of electrons involved in optical processes (typically greater than the Fermi wavevector k F ) and when the intermediate state lifetime is shorter than the one of the excitation considered. The former condition is immediatley fulfilled as q remains much smaller than typical k F˜1 50μm −1 .
In Fig.1(a) , we have plotted typical crossed polarized Raman spectra obtained for increasing q and fixed external magnetic field at superfluid He bath temperature (T ∼ 2. K).
These spectra present a clear dispersive Raman line associated to the spin flip wave (SFW) excitation of the SP2DEG 13 . In Fig.1(b) , we show the resonant behavior of the Raman peak when tuning the laser wavelength across the optical resonance. This shows how the resonance width is 20 times larger than the SFW line in the Raman spectra. Hence, we can consider that Raman spectra give access to Im χ + (q, ω) and extract from these data both q2/VersionFinale/FIG1.wmf the SFW energy (~ω SF W ) and the line width η q-dependance. As shown in Fig.2 (a) the former is well reproduced by the formula 9 below : Fig.2(b) as a function of q 2 for the same conditions as the dispersions plotted in Fig.2(a) . It shows that, in the explored range of wave vectors (q ¿ k F ), the linewidth q-dependence is very well reproduced by a parabolic function :
In Eq. (9), η 0 gives the homogenous mode (q = 0) damping and η 2 is inferred to be linked to the q 2 damping of Eq. (5) : η 2 = 2~ω 0 α/q 2 . Indeed, η 2 has obviously a strong magnetic q2/VersionFinale/FIG2.wmf ? It is already known that Mn spin fluctuations damp the homogeneous mode 14 . But, in our samples, the typical Mn average distanced ∼ 0.4nm is far smaller than the minimum magnetization wavelength probed in the Raman experiment (qd ¿ 1). Hence, Mn damping is expected to be constant in the explored range of q and not present in η 2 . We confirmed by carrying the same measurements on a CdTe quantum well (without Mn). Fig.2(c) shows that the same q 2 law has been found and that η 2 has the same order of magnitude. Without Mn, the Zeeman energy is much lower and requires higher fields, this reduces the range of explored spin-polarization. Consequently, we claim that the Mn damping is, here, present in η 0 and that η 2 originates from the general behavior described above. Let us compare the experimental η 2 with the theoretical one. Fig.3 shows the behavior of the q 2 -damping η 2 with the polarization or equivalently with the Zeeman pulsation ω 0 . η 2 determined on all the studied samples is compared with the calculations of Eqs. (7)- (9) and Ref. 6 . The accuracy of the measurments is not able to separate variations of η 2 with the electron density within the small range explored here Concentrations are measured as in Ref. [ 13 ] . Lines are calculated η 2 : using Eq. (7) that the observed phenomenom is not due to the presence of Mn impurities. CdTe data need additional treatment because of mass renormalization due to high magnetic fields.
This is out of the scope. We will concentrate on the average behavior of CdMnTe data.
First, the behavior for ω 0 → 0 is impossible to explore below 1.0Trad/s (0.65meV) as such pulsations are beyond the rejection of the spectrometer. But in the range of explored pulsations, as shown in Fig.3 (a) the average curve is very well reproduced by Eqs. (7)- (9) when taking a disorder scattering time τ dis ∼ 2ps. For such a time scale, densities and experimental conditions, the spin-Coulomb drag coefficient 1 τee is always smaller than 15ns
and has negligible impact on measurments. However, enhancement of both the Zeeman energy (Z * > Z) and the transverse field due to the Coulomb local exchange field are clearly needed to make the theory of Ref.
6 match the experiment. Insert of Fig.3(a) shows how, even when varying the disorder time τ dis , Eq.(20) of Ref. 6 does not reproduce the data. These conclusions are clearer when plotting η 2n = η 2 /~2 2m * as a function of the spin polarization ζ in a log-log frame as shown in Fig.3(b) . Indeed, when ω 0 > 1Trad/s and for r s ∼ 2, the Zeeman enhancement ω * 0 /ω 0 ∼ 2, so (ω * 0 τ dis ) 2 À 1 and η 2n becomes :
